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shows the spectral outputs of a microfibre coupler made from 
a standard SMF28 singlemode fibre for different diameters of 
the uniform  waist region: the significant  modal interference 
induced by mode coupling between the lower-order symmetric 
and  anti-symmetric  supermodes  can  be  observed  when  the 
diameter of the waist is decreased from 3 to 1.9 µm: both the 
period  and  strength  of  the  sinusoidal  modulation  in  the 
transmission spectrum significantly decreased with a reduction 
in the waist diameter. 
 
Fig. 3 Spectral responses of microfibre couplers: Transmission spectra of 
output ports for different microfibre diameters at (a) 3 µm, (b) 2.5 µm and (c) 
1.9 µm. 
To  examine  the  microfibre  coupler  temperature  (T) 
characteristic,  its  uniform  tapered  region  was  placed  in  a 
resistive heater. Figure 4(a) shows the transmission spectra of 
the  microfibre  coupler  at  T~701
  oC,  865
  oC  and  1029 
oC, 
respectively.    For  increasing  T,  the  dip  A  redshifts  from 
1507.9  to  1516.5  nm,  while  the  background  loss  decreases, 
possibly  because  of  the  change  induced  by  the  thermal 
expansion and the thermo-optic effect of silica. Figure 4(b) 
shows the experimental relationship between temperature and 
the resonant wavelength shift. The experimental temperature 
sensitivities of microfibre couplers with a diameter of 3 µm, 
2.5 µm and 1.9 µm are estimated as 25.91, 36.59 and 31.1 
pm/
oC,  respectively.  The  temperature  sensitivity  of  the 
microfibre coupler is about 3.6 times higher than that of an 
FBG  ( ∼ 10  pm/°C),  therefore  this  microfibre  coupler 
temperature sensor could be also used for a high temperature 
environmental monitoring. 
   
Fig. 4. (a) Thermal shift of the spectral response of a microfibre coupler with 
an outer diameter of 3 µm (output port 1); (b) Measured peak wavelength 
shifts versus the temperature changes for microfibre couplers with different 
microfibre outer diameters. 
From Figure 4a, it is clear that the peaks of the spectral 
response red-shift to longer wavelengths when the temperature 
increases  and  the  average  slope  of  the  fibre  comb  filter 
temperature sensitivity is circa 25.91 pm/
oC for the microfibre 
coupler sample with a diameter of 3 µm. Furthermore, results 
also  confirm  that  the  same  comb  filter  design,  at  different 
temperatures,  can  be  used  as  the  second  comb  filter  in  the 
improved  ratiometric  measurement  system,  as  illustrated  in 
Fig. 2a and b. 
IV.  USE OF MICROFIBRE COUPLE AS A COMB FILTER 
 
Fig. 5. Experimental setup of the improved wavelength ratiometric 
measurement system. 
As shown in Fig. 2, two ideal comb filters can significantly 
improve the resolution of the whole wavelength measurement 
system.  In  order  to  experimentally  verify  the  claim  that 
resolution can be improved, the experimental setup is shown 
in Fig. 5. A fibre bend loss edge filter did a coarse wavelength 
measurement within the entire measurable wavelength range, 
and then an optical microfibre coupler with a diameter of 3 µm 
was  used  for  a  fine  wavelength  measurement  in  the 
wavelength measurement system. The wavelength resolution 
of the improved system was measured using a high-resolution 
tunable laser (Agilent 81600 with a resolution of 0.1 pm and a 
low SSE ratio of 70 dB over an output wavelength range of 
1520~1610 nm) as an input signal source, with a wavelength 
step changes of 1, 2, 3, 4 pm in the interval from 1520 nm to 
1520.01  nm.  The  output  power  is  collected  by  the  power 
meters with a resolution of 0.001 dB which were controlled by 
a  PC.  If  the  microfibre  coupler  fails  to  reliably  measure 
wavelengths  located  near  the  peak  or  valley  of  the 
transmission spectrum, thereafter the coupler can be heated to 
achieve a shift of the interference spectrum, as shown in Fig. 
2b.  
The  measured  ratio  variation  is  shown  in  Fig.  6,  which 
demonstrates that the improved measurement system is very 
capable of resolving wavelength changes smaller than 4 pm, 
verifying the claims made by the simulation presented earlier in 
this letter. 